(12) STANDARD PATENT (11) Application No. AU 2010271274 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Single operator device for delivering an ocular implant

(51) International Patent Classification(s)
A61B 18/18 (2006.01)

(21) Application No: 2010271274 (22) Date of Filing:  2010.07.09
(87) WIPO No: WO11/006078

(30)  Priority Data

(31) Number (32) Date (33) Country
61/224,156 2009.07.09 us
(43) Publication Date: 2011.01.13

(44) Accepted Journal Date: 2015.05.21

(71)  Applicant(s)
lvantis, Inc.

(72)  Inventor(s)
Wardle, John;Schieber, Andrew T.

(74)  Agent/ Attorney
Davies Collison Cave, PO Box 2219 BUSINESS CENTRE, MILTON, QLD, 4064

(56) Related Art
US 2007/0191863 A1
US 2009/0132040 A1




wo 2011/006078 A1 {100 00 0 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

izati VAT
(19) World atcletun Property Organiation /48553 IO O O
ernational Bureau 5
. . IEYE (10) International Publication Number
(43) International Publication Date \94_.,_'_:;.
13 January 2011 (13.01.2011) PCT WO 2011/006078 A1
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 18/18 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éIT[’ ég’ éI\ZI! gg ? gRB’ gg’ gg’ DB]E:{ ? DBI\(V ’];31\3[{ ’ ]133(%5
PCT/US2010/041544 DZ. EC, EE. EG, ES, FL, GB, GD, GE, GH, GM. GT.
(22) International Filing Datc: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
9 July 2010 (09.07.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, 5G, 8K, SL, SM, ST, 8V, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

61/224,156 9 July 2009 (09.07.2009) Us (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): IVAN- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
TIS, INC. [US/US]; 13766 Alton Parkway, Suite 150, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Irvine, CA 92618 (US). TM), Earopean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU.
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK,
[US/US]: 13766 Alton Parkway, Suite 150, Irvine, CA ZI;/IV {}[‘L) SIARP&%“S’I?J%SF’T%G’ CL CM, GA, GN, GQ,
92618 (US). SCHIEBER, Andrew T. [US/US]; 13766 » ML, MR, NE, SN, TD, TG).

Alton Parkway, Suitc 150, Irvine, CA 92618 (US). Published:

(74) Agents: THOMAS, Justin et al.; Shay Glenn LLP, 2755 —  with international search report (4rt. 21(3))
Campus Drive, Suite 210, San Mateo, CA 94403 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): WARDLE, John

(54) Title: SINGLE OPERATOR DEVICE FOR DELIVERING AN OCULAR IMPLANT

(57) Abstract: An ocular implant delivery system is provided with a number of featurcs. In some cmbodiments, the delivery sys-
tem comprises a rotation mechanism configured to rotate and orient a cannula of the system, and an advancement mechanism con-
figured to advance and retract an ocular implant through the delivery system and into an eye of a patient. In some embodiments,
the cannula is sized and configured to be inserted into Schlemm's canal of the eye. The ocular implant is configured to maintain its
orientation within the delivery system as the cannula is rotated. In some embodiments, the ocular implant automatically disen-
gages the delivery system when it is advanced beyond a distal tip of the delivery system. Methods of implanting an ocular implant
are also provided.



10

15

20

25

30

WO 2011/006078 PCT/US2010/041544

SINGLE OPERATOR DEVICE FOR
DELIVERING AN OCULAR IMPLANT

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. 119 of U.S. Provisional Patent
Application No. 61/224,156, filed July 9, 2009, titled “Single Operator Device for Delivering an

Ocular Implant”. This application is herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE
[0002] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD OF THE INVENTION
[0003] The present invention relates generally to devices that are implanted within the eye
and delivery systems for such devices. More particularly, the present invention relates to
delivery system for devices that facilitate the transfer of fluid from within one area of the eye to

another area of the eye.

BACKGROUND OF THE INVENTION
[0004] According to a draft report by The National Eye Institute (NEI) at The United States
National Institutes of Health (NIH), glaucoma is now the leading cause of irreversible blindness
worldwide and the second leading cause of blindness, behind cataract, in the world. Thus, the
NEI draft report concludes, “it is critical that significant cmphasis and resources continue to be
devoted to determining the pathophysiology and management of this disease.” Glaucoma
researchers have found a strong correlation between high intraocular pressure and glaucoma. For
this reason, eye care professionals routinely screen patients for glaucoma by measuring
intraocular pressure using a device known as a tonometer. Many modern tonometers make this
measurement by blowing a sudden puff of air against the outer surface of the eye.
[0005] The eye can be conceptualized as a ball filled with fluid. There are two types of fluid
inside the cyc. The cavity behind the lens is filled with a viscous fluid known as vitreous humor,
The cavities in front of the lens are filled with a fluid know as aqueous humor. Whenever a
person views an object, he or she is viewing that object through both the vitreous humor and the

aqueous humor.
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[0006] Whenever a person views an object, he or she is also viewing that object through the
cornea and the lens of the eye. In order to be transparent, the comea and the lens can include no
blood vessels. Accordingly, no blood flows through the cornea and the lens to provide nutrition
to these tissues and to remove wastes from these tissues. Instead, these functions are performed
by the aqueous humor. A continuous flow of aqueous humor through the eye provides nutrition
to portions of the eye (e.g., the cornea and the lens) that have no blood vessels. This flow of
aqueous humor also removes waste from these tissues.

[0007] Aqueous humor is produced by an organ known as the ciliary body. The ciliary body
includes epithelial cells that continuously secrete aqueous humor. In a healthy eye, a stream of
aqueous humor flows out of the anterior chamber of the eye through the trabecular meshwork
and into Schlemm’s canal as new aqueous humor is secreted by the epithelial cells of the ciliary
body. This excess aqueous humor enters the venous blood stream from Schlemm’s canal and is
carried along with the venous blood leaving the eye.

[0008] When the natural drainage mechanisms of the eye stop functioning properly, the
pressure inside the eye begins to rise. Researchers have theorized prolonged exposure to high
intraocular pressure causes damage to the optic nerve that transmits sensory information from the
eye to the brain, This damage to the optic nerve results in loss of peripheral vision. As
glaucoma progresses, more and more of the visual field is lost until the patient is completely
blind.

[0009] In addition to drug treatments, a variety of surgical treatments for glaucoma have
been performed. For example, shunts were implanted to direct aqueous humor from the anterior
chamber to the extraocular vein (Lee and Scheppens, “Aqueous-venous shunt and intraocular
pressure,” Investigative Ophthalmology (Feb. 1966)). Other early glaucoma treatment implants
led from the anterior chamber to a sub-conjunctival bleb (e.g., US 4,968,296 and US 5,180,362).
Still others were shunts leading from the anterior chamber to a point just inside Schlemm’s canal
(Spiegel et al., “Schlemm's canal implant: a new method to lower intraocular pressure in patients
with POAG?” Ophthalmic Surgery and Lasers (June 1999); US 6,450,984; US 6,450,984).
Delivery and deployment systems for some glaucoma implants are described, e.g., in US
2007/0191863 and US 2007/0010827. Surgical devices for accessing Schlemm’s canal are
described, e.g., in US 2007/0073275 and US 2006/0149194.

SUMMARY OF THE INVENTION

[00010] In one embodiment, an ocular implant delivery system comprises a housing, a
cannula coupled to the housing, the cannula sized and configured for insertion into Schlemm’s
canal of a human eye, a delivery mechanism disposed on the housing, the delivery mechanism
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configured to advance and retract an ocular implant within the cannula, and an orientation
mechanism disposed on the housing, the orientation mechanism configured to control rotation of
the cannula, wherein the ocular implant maintains its orientation with respect to the cannula
when the cannula is rotated.

[00011] In some embodiments, the ocular implant delivery system further comprises a push
tube slidably disposed within the cannula and coupled to the delivery mechanism. The ocular
implant can be coupled to a distal portion of the push tube. In some embodiments, an
interlocking finger of the implant is coupled to a finger receptacle on the push tube.

[00012] In another embodiment, the ocular implant delivery system further comprises a core
shaft disposed within the ocular implant. The core shaft or core cable can be configured to align
with an interior diameter of the ocular implant so as to prevent any sharp edges or holes of the
implant from engaging tissue during implantation.

[00013]  In one embodiment of the delivery system, the relative locations of the delivery
mechanism and the orientation mechanism on the housing allow control over advancement and
retraction of the ocular implant and rotation of the cannula with a single hand.

[00014]  In another embodiment, the ocular implant is configured to automatically disengage
from the ocular implant delivery system when it is advanced beyond a distal tip of the cannula.
In some embodiments, the ocular implant is pre-biased to assume an expanded configuration.
When the implant is advanced beyond the tip of the cannula, the implant can expand so as to
disengage the delivery system (e.g., disengage a push tube).

[00015] In one embodiment, the ocular implant delivery system further comprises a core cable
having a locking key, the locking key being configured to engage the ocular implant.

[00016] A method of delivering an implant into an eye of a patient is provided, comprising
inserting a delivery device into the eye, advancing the implant into the eye through the delivery
device, and expanding the implant to disengage the implant from the delivery device.

[00017] In some embodiments, the inserting step further comprises inserting a cannula into
Schlemm’s canal of the eye.

[00018]  Another embodiment of the method further comprises the step of adjusting an
orientation of the cannula with an orientation mechanism to align the cannula with a curvature of
Schlemm’s canal.

[00019] In some embodiments of the method, the advancing step and the adjusting step are
achieved with a single-hand of a user.

[00020] The advancing step of the method can further comprise advancing the implant with a
wheel disposed on the delivery device. In another embodiment, the advancing step further

comprises advancing the implant into the eye past a distal tip of the delivery device. In an
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additional embodiment, the implant automatically expands to disengage itself from the delivery
device when it is advanced past the distal tip of the delivery device.
[00021] In some embodiments, the expanding step further comprises expanding the implant
to disengage an interlocking component of the implant from an interlocking component of the
delivery device. The interlocking component of the delivery device can be an interlocking
component of a push tube, for example. In another embodiment, the interlocking component of the
delivery device can be an interlocking component of a core cable.
[00022] In some embodiments of the method, the advancing step further comprises
advancing the implant into the eye with a push tube.
[00023] Alternatively, the advancing step can further comprise advancing the implant into
the eye with a core cable. In one embodiment, the method can further comprise removing the core
cable from the implant after expanding the implant.
[00024] In another embodiment, the implant is inserted into a suprachoroidal space.
[00025] Another method of implanting an ocular implant into Schlemm’s canal of an eye is
provided, comprising rotating an orientation mechanism of a delivery device to align a cannula
with Schlemm’s canal, advancing the cannula through a comeal incision and into the eye, piercing
Schlemm’s canal with the cannula, controlling an advancement mechanism of the delivery system
with a first hand to advance the ocular implant from the delivery system into Schlemm’s canal,
holding a gonioscope with a second hand during the controlling step to visualize implantation of
the ocular implant into Schlemm’s canal, and automatically disengaging the ocular implant from
the delivery system when the ocular implant is advanced beyond a distal tip of the cannula.
[00026] In some embodiments, the method further comprises expanding the ocular implant in the
eye to disengage the ocular implant from the delivery system.
[00026A] Typically an ocular implant delivery system, comprising:

a housing;

a cannula rotatably coupled to the housing, the cannula sized and configured for insertion
into Schlemm’s canal of a human eye;
an ocular implant disposed in the cannula;

a delivery mechanism disposed on the housing, the delivery mechanism configured to
advance and retract the ocular implant within the cannula; and

an orientation mechanism disposed on the housing, the orientation mechanism configured
to control rotation of the cannula with respect to the housing while maintaining the orientation of

the ocular implant with respect to the cannula during cannula rotation.
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[00026B] Typically, the ocular implant delivery system further comprising a push tube
slidably disposed within the cannula and coupled to the delivery mechanism.

[00026C] Typically, the ocular implant delivery system wherein the ocular implant is
coupled to a distal portion of the push tube.

[00026D] Typically, the ocular implant delivery system wherein the relative locations of the
delivery mechanism and the orientation mechanism on the housing allow control over advancement
and retraction of the ocular implant and rotation of the cannula with a single hand.

[00026E] Typically, the ocular implant delivery system further comprising a core cable
disposed within the ocular implant.

[00026F] Typically, the ocular implant delivery system wherein the ocular implant is
configured to automatically disengage from the ocular implant delivery system when it is advanced
beyvond a distal tip of the cannula.

[00026G] Typically, the ocular implant delivery system wherein the ocular implant is pre-
biased to assume an expanded configuration.

[00026H] Typically, the ocular implant delivery system further comprising a core cable
having a locking key, the locking key being configured to engage the ocular implant.

[000261] Typically, the ocular implant delivery system wherein the ocular implant is pre-
biased to assume an expanded configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[00027] The novel features of the invention are set forth with particularity in the claims that
follow. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative embodiments,

in which the principles of the invention are utilized, and the accompanying drawings of which:

[00028] Fig. 1 is a schematic drawing of a human eye.

[00029] Fig. 2 is a close-up view of the eye showing Schlemm’s canal.
[00030] Fig. 3 is a delivery device for implanting an ocular implant in an eye.
[00031] Figs. 4-5 are close-up views of a portion of the delivery device.

4A-
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[00032] Fig. 6 is a cutaway side view of the delivery device.

[00033]  Fig. 7 is a close-up cutaway side view of the delivery device.

[00034] Fig. 8 is an exploded view showing the internal features of the delivery device.
[00035]  Figs. 9-11 are close-up views of some internal features of the delivery device.
[00036] Figs. 12-13 are cutaway side views of the delivery device.

[00037] Fig. 14 is a close-up cutaway side view of a portion of the delivery device.
[00038] Figs. 15-17 illustrate one embodiment of detaching an ocular implant from the
delivery device.

[00039] Figs. 18-19 illustrate another embodiment of detaching an ocular implant from the
delivery device.

[00040]  Figs. 20-22 illustrate a method for implanting an ocular device in an eye of a patient.

DETAILED DESCRIPTION OF THE INVENTION
[00041] The following detailed description should be read with reference to the drawings, in
which like elements in different drawings are numbered identically. The drawings, which are not
necessarily to scale, depict exemplary embodiments and are not intended to limit the scope of the
invention. Examples of constructions, materials, dimensions, and manufacturing processes are
provided for selected elements. All other elements employ that which is known to those of skill
in the field of the invention. Those skilled in the art will recognize that many of the examples
provided have suitable alternatives that can be utilized.
[00042] The devices, systems, and methods described herein may aid in the treatment of
glaucoma. The implantable ocular devices described herein may be inserted into Schlemm's
canal, the trabecular meshwork, the suprachoroidal space, and/or the anterior chamber of the eye
to facilitate the outflow of aqueous humor from the anterior chamber, When in place within the
eye, the implantable devices can support trabecular meshwork tissue and/or Schlemm’s canal
tissue, and can provide for improved communication between the anterior chamber and
Schlemm’s canal (via the trabecular meshwork), between pockets or compartments along
Schlemm’s canal, and/or the suprachoroidal space.
[00043] The systems described herein may include delivery devices for delivering implantable
devices into Schlemm’s canal, the trabecular meshwork, the suprachoroidal space, and/or the
anterior chamber of the eye. The delivery devices described herein may be configured to
advance, retract, and deploy the implantable device precisely and predictably by a single

physician or surgeon using the motion of a single finger. The delivery device may selectively
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engage the implantable device allowing the device to be advanced and retracted before
implantation within the eye. The delivery devices described herein may also be configured to
rotate a bent portion of the delivery device to align with the curvature of the iris of the eye.
[00044] Fig. 1 is a schematic view showing a portion of an eye 20. A reflection on the outer
surface of the cornea 22 of the eye is visible in Fig. 1. Cornea 22 encloses an anterior chamber
24 of eye. The iris 26 of the eye is visible through the comnea and anterior chamber. Anterior
chamber 24 is filled with aqueous humor which helps maintain the generally hemispherical
shape of the cornea. The structures that drain aqueous humor from anterior chamber 24 include
Schlemm's canal 30 and a large number of veins 28.

[00045] InFig. 1, Schlemm's canal 30 can be seen encircling iris 26. Aqueous humor exits
anterior chamber 24 and enters Schlemm's canal 30 by flowing through a trabecular mesh 32.
Aqueous humor exits Schlemm's canal 30 by flowing through a number of outlets called
collector channels 40, After leaving Schlemm's canal 30, aqueous humor travels through veins
28 and is absorbed into the blood stream,

[00046] Fig. 2 is an enlarged schematic view of a portion of eye 20 shown in the previous
figure. The flow of aqueous humor in eye 20 is illustrated using arrows in Fig. 2. In Fig. 2,
aqueous humor flowing through trabecular mesh 32 and into Schlemm's canal 30 is represented
by a number of lateral flow arrows 34. The flow of aqueous humor along the length of
Schlemm's canal is illustrated using a number of axial flow arrows 36.

[00047] Fig. 3 illustrates a single operator delivery device 100 configured to deliver an ocular
implant into the eye of a patient, such as into Schlemm?’s canal, the trabecular meshwork, the
suprachoroidal space, and/or the anterior chamber of the eye. The ocular implant to be
implanted can include any ocular implant described in US Appln. Nos. 11/860,318, 11/943,289,
12/236,254, 12/398,847, and US Provisional Patent Appln. Nos. 61/033,746, 61/120,222, and
61/120,295.

[00048] Referring to Fig. 3, delivery device 100 can include housing 102, rotatable sleeve
104, tracking wheel 106, cannula 108, and end cap 110. The delivery device shown in Fig. 3 is
configured to be gripped with one hand while providing control of rotation and orientation of the
cannula (via the rotatable sleeve 104) in addition to control over advancement, retraction, and
deployment of the ocular implant (via the tracking wheel 106), all while gripping the delivery
device with the same hand. In general, the tracking wheel is a delivery mechanism configured
for advancement and retraction of the ocular implant and the rotatablc slecve is an oricntation
mechanism configured to control rotation and orientation of the cannula. The housing of
delivery device 100-—in particular, the relative location of the movable control elements within

the housing—results in an ideal ergonomic relationship of the finger-operated control elements
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relative to the hand-stabilized housing, This design provides a configuration that will allow a
user, such as a physician, to stabilize and orient the delivery device while simultaneously
allowing the middle or index finger to move independently and perform the implantation of an
ocular implant. This one-handed operation leaves the physician’s other hand free for other uses,
such as holding a gonioscope.

[00049] Figs. 4-5 show a close-up view of rotatable sleeve 104 and cannula 108. In some
embodiments, the cannula can have a curved or bent distal portion 114 configured to aid with
implantation of an ocular implant into the eye, such as into Schlemm’s canal. The bent distal
portion of the cannula may have a pre-formed bend or curvature that is sized and configured to
align with and be implanted in the natural curvature of Schlemm’s canal. The cannula may also
have a sharpened or beveled tip, for example, to cut into and through tissue. As shown, cannula
can mount to a hub 112. The hub can attach to the rotatable sleeve in a number of ways, such as
by a pin 116 or by an adhesive. By coupling the rotatable sleeve 104 to the cannula 108 and hub
112, rotation of the rotatable sleeve (such as by a physician) can change the orientation of the
cannula with respect to the housing 102. For example, Fig. 4 shows the cannula in a first
orientation, and Fig. 5 shows the cannula in a second orientation after rotation of the rotatable
sleeve. The rotatable sleeve 104 may also include gripping features, such as grooves (as shown),
a rubber coating, or other frictional surfaces on the rotatable sleeve.

[00050] During implantation of an ocular implant, correct alignment between the cannula and
iris is necessary to ensure that the ocular implant is advanced at the correct trajectory relative to
Schlemm’s canal or other anatomy in the eye into which the ocular implant is to be implanted.
Changing the orientation of the cannula with respect to the housing allows the delivery device
100 to be adjusted to accommodate individual anatomical variables, individual physician holding
position preferences, and right/left handed users. The delivery device is configured in a manner
that keeps the ocular implant aligned within the delivery device during rotation. All components
are keyed together to ensure that the implant and cannula rotate as a single body while
simultaneously allowing linear movement (i.e., advancement and retraction) of the ocular
implant. For example, in some embodiments of an ocular implant, certain features of the
implant, such as openings in the implant, are configured to be aligned with specific anatomy,
such as collector channels of Schlemm’s canal. Since the delivery device described herein keeps
the ocular implant aligned with a pre-determined curvature of the cannula, a physician can
ensure the proper orientation of the implant once it’s been delivered to Schlemm’s canal.
[00051] Fig. 6 is a cutaway view of the delivery device 100 showing the device’s internal
features, including tracking wheel 106, idler gear 118, and rotating rack gear 120. 'I'racking
wheel 106 and idler gear 118 are rotatably mounted to the housing 102. Gears on the tracking
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wheel engage with gears on the idler gear 118, which in turn engage with gears on the rotating
rack gear 120 to move the rack gear proximally and distally within the delivery device, The idler
gear 118 is included in the device so that rotation of the tracking wheel 106 in the distal direction
will cause the rack gear to move distally, and rotation of the tracking wheel in the proximal
direction will cause the rack gear to move proximally. In addition, the rotating rack gear 120 is
configured to rotate with rotatable sleeve 104 while maintaining the ability to move linearly in
the distal and proximal directions before, during, and after rotation.

[00052] Fig. 7 is a close-up view of the internal features of the delivery device near the
rotatable sleeve 104, including hub 112, pin 116, ocular implant 122, push tube 124, and O-ring
126. The ocular implant and push tube can be any ocular implant and push tube as described in
the US Patent Applications and Provisional Patent Applications reference above. As shown in
Fig. 7, the ocular implant can be positioned partially within cannula 108 and can abut push tube
124 in the delivery device. The O-ring can provide tension and resistance to the rotatable sleeve
for tactile feedback during rotation and can prevent the sleeve from being moved from the
desired orientation.

[00053] Figs. 8-11 are exploded views of the internal features of delivery device 100,
including housing 102, tracking wheel 106, cannula 108, end cap 110, hub 112, idler gear 118,
rotating rack gear 120, push tube 124, slot 128, transport tube 130, interlocking finger connector
132, finger receptacle 134, and core cable or core shaft 136. As shown in Fig, 8, transport tube
130 is connected to hub 112 and is sized to slidably carry an ocular implant and push tube 124
therein. A proximal portion of the transport tube (as shown in Fig. 9) can include a hexagonal
sleeve sized to fit within a hexagonal through-hole in the rotating rack gear 120 (as shown in Fig,
11).

[00054]  As described herein and in the above referenced applications, push tube 124 and the
ocular implant can be sized and configured to slide within transport tube 130 and a cannula. The
push tube 124 can have a diameter corresponding to the diameter of the ocular implant, so that
distal movement of the push tube can push against and cause distal movement of the ocular
implant within the delivery system and into the patient.

[00055] Furthermore, the delivery device can also include a core cable 136 sized to slide
within the ocular implant and push tube 124. Referring to Figs. 8 and 11, the core cable 136 can
be coupled to the rotating rack gear 120. As described in the above referenced applications, the
core cable can be positioned within an internal diameter of the ocular implant during dclivery of
the implant so as to block and prevent any sharp edges or holes in the implant (such as the edges

of fluid inlets and outlets in the implant) from cutting or damaging tissue within the patient



10

15

20

25

30

35

WO 2011/006078 PCT/US2010/041544

during implantation. Additionally, the core can have a distal radius adapted to dilate Schlemm’s
canal as the implant is inserted into the patient.

[00056] As shown in Figs. 10-11, a proximal portion of the core cable can include
interlocking finger receptacles 134 adapted to engage and join interlocking fingers 132 on a
proximal portion of the push tube. The interlocking fingers 132 can be pre-biased to assume an
expanded or outward configuration. For example, the interlocking fingers 132 can be formed
from stainless steel or from a shape memory material such as Nitinol. In some embodiments, the
interlocking finger receptacles and the interlocking fingers are cut from hypotubes having the
same diameter. When the fingers are compressed, such as within transport tube 130, they can
engage the interlocking finger receptacles to join the push tube and core cable together, and
allow the push tube and core cable to move together through the transport tube 130 and delivery
system as the rotating rack gear is moved distally and proximally.

[00057] Figs. 12-13 illustrate how rotation of the tracking wheel 106 causes the movement of
idler gear 118, rotating rack gear 120, ocular implant, push tube 124, and core cable 136, thereby
enabling one-handed operation through one-fingered advancement of the implant, release of the
implant and retraction of the delivery mechanism. In Fig. 12, delivery device 100 is shown prior
to deployment of the ocular implant into the patient, with rotating rack gear 120 positioned
proximally within slot 128 in housing 102. Fig. 13 shows the delivery device fully deployed,
with the rotating rack gear positioned distally in slot 128 and touching hub 112. To move the
rotating rack gear 120 from the proximal position shown in Fig. 12, to the distal position shown
in Fig. 13, the tracking wheel 106 can be rotated distally (e.g., in a counter-clockwise direction
as shown by the arrows in Fig. 13), which causes idler gear 118 to rotate in a proximal direction,
which in turn causes the rotating rack gear 120 to move distally towards hub 112. Similarly, the
rolating rack gear can be relurned Lo the proximal position within housing 102 by rotating
tracking wheel 106 in a proximal direction. In another embodiment, the idler gear can be
eliminated from the delivery device, which would cause distal movement of the tracking wheel
to move the rack gear proximally.

[00058]  As the rotating rack gear 120 moves distally from the proximal position in Fig. 12 to
the distal position in Fig. 13, the rack gear causes push tube 124, core cable 136, and the ocular
implant (not shown) to move distally within transport tube 130. When the rack gear is in the
distal position as shown in Fig. 13, the ocular implant is pushed completely out of cannula 108
and into the paticnt. In somc embodiments, the rack gear need not be fully advanced in the
distal-most position to push the implant out of the cannula.

[00059] Additionally, when the rack gear is in the distal-most position, the interlocking
fingers 132 (show in Fig. 14) of the push tube 124 and the interlocking finger receptacles 134
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(show in Fig. 14) of the core cable 136 are positioned in an opening 138 in hub 112, as shown in
Fig. 14. The opening 138 can have a larger inner diameter than the transport tube 130. The
transport tube 130 can terminate at the opening 138, so when the interlocking fingers enter the
opening and are no longer constrained by the inncr walls of the transport tube, the interlocking
fingers 132 are allowed to automatically expand outward to assume their pre-biased
configuration, thereby disengaging the push tube 124 from the finger receptacles 134 of the core
cable 136. With the core cable detached from the push tube, proximal movement of the rack
gear (such as by rotating the tracking wheel in a proximal direction) can remove the core cable
proximally from the push tube and ocular implant, thereby removing the core cable from the
implant and leaving the implant in the patient. The push tube is allowed to remain at the distal-
most position to abut the ocular implant and keep the implant in place as the core cable is
removed.

[00060] It should be understood that the advancement and retraction of the ocular implant are
not limited to the tracking wheel described herein. For example, in some embodiments, the
housing may include buttons and a motor for electronically driving the wheel to advance and
retract the implant.

[00061]  Figs. 15-17 illustrate an embodiment of a device and method for selectively coupling
an ocular implant 122 to a push tube 124 in a delivery device 100. Fig. 15 is a top down view of
push tube 124 and ocular implant 122 positioned within cannula 108 of delivery device 100. The
push tube and ocular implant can include an interlocking component 140, similar to the
interlocking fingers and interlocking finger receptacles described above. For example, the push
tube may include an interlocking finger and the ocular implant may include an interlocking
finger receptacle, or vice versa. Any variety of interlocking shapes may be used. Fig. 16isa
side view of the push tube and ocular implant shown in Fig. 15. Fig. 16 shows the ocular
implant further comprising a slit or plurality of slits 142. The ocular implant can be pre-biased to
assume an expanded configuration. When the implant is compressed, such as within the cannula
or the transport tube described above, the interlocking component 140 will compress and cause
the implant to engage and lock with the push tube. However, when the ocular implant is pushed
distally beyond the distal tip of the cannula 108, as shown in Fig. 17, the implant can assume its
pre-biased configuration, causing the implant to automatically expand along the slits and detach
from the push tube to be released in the patient. The expanded portion of the implant also
provides for a larger opening to prevent clogging when implanted inside a patient.

[00062] Figs. 18-19 illustrate an alternative embodiment of the delivery system 100 that does
not include a push tube, but rather uses a locking key 144 coupled to the core cable 136 to

advance, retract, and deliver the ocular implant into a patient. As shown in Fig. 18, core cable
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136 can be disposed within the ocular implant 122 and cannula 108 of delivery system 100.
Locking key 144 can be disposed on the core cable and can engage window 146 in the ocular
implant. As described above, the implant can be pre-biased to assume an expanded
configuration when the implant is not constrained (e.g., such as when the implant is not
constrained within a cannula). When the implant is compressed, such as within the cannula or
the transport tube described above, the locking key 144 will engage window 146 to couple the
core cable to the implant. However, when the ocular implant is pushed distally beyond the distal
tip of the cannula 108, as shown in Fig. 19, the implant can assume its pre-biased configuration,
causing the implant to expand and detach from the core cable.

[00063] The delivery devices described herein are configured to advance and retract an ocular
implant and deliver the implant into the eye of a patient by a physician using a single hand. A
physician typically has only one hand available to perform the implantation as the other hand is
used to simultaneously hold and stabilize a gonioscope for visualization of the implantation
procedure. Physicians typically use their feet during the procedure to adjust the image through
the surgical microscope, making a foot-operated system impractical.

[00064] As described above, advancement and retraction of the implant can be controlled with
a tracking wheel 106, and orientation of the implant in the patient can be controlled by changing
the orientation of the cannula, hub, implant, push tube, and core cable by rotating the rotatable
sleeve 104. When the ocular implant is advanced distally beyond the distal tip of cannula 108,
the implant can automatically expand to a pre-biased configuration to disengage the push tube
and remain within the patient in the desired location within the eye. As described above, it may
be necessary to remove a core cable from within the implant by retracting the rotating rack gear
in the proximal direction before fully implanting the ocular implant in the patient.

[00065] Figs 20-22 illustrate a method for delivering an ocular implant into a patient. The
ocular implant may be inserted into Schlemm's canal, the trabecular meshwork, the
suprachoroidal space, and/or the anterior chamber to facilitate the outflow of aqueous humor
from the anterior chamber. This flow of aqueous humor can include axial flow along Schlemm's
canal, flow from the anterior chamber into Schlemm's canal, flow leaving Schlemm's canal via
outlets communicating with Schlemm's canal, or flow into the suprachoroidal space. When
implanted within the eye, the ocular implant will support trabecular mesh tissue and Schlemm’s
canal tissue and will provide for improved communication between the anterior chamber and
Schlemm’s canal (via the trabecular meshwork), between pockets or compartments along
Schlemm’s canal, or between the anterior chamber and the suprachoroidal space.

[00066] Fig. 20 is a view showing a portion of the face and eye 20. Cannula 108 extends

through a cornea of eye 20 so that the distal end of cannula 108 is disposed in the anterior
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chamber of the eye. With reference to Fig. 20, it will be appreciated that the distal tip of cannula
108 is positioned near the trabecular mesh and Schlemm’s canal 32 of the eye. The orientation
of the cannula to the eye can be adjusted by rotating the rotatable sleeve described above with
reference to Figs. 3-7.

[00067] Fig. 21 is a further enlarged view illustrating a portion of eye 20 shown in the
previous figure. In the embodiment of Fig. 21, the distal tip of cannula 108 has pierced through
trabecular mesh 32. The distal tip of cannula 108 has also pierced the wall of Schlemm's canal
30 and a distal opening of cannula 108 is disposed in fluid communication with Schlemm's
canal., In some embodiments, cannula 108 is curved to achieve substantially tangential entry into
Schlemm's canal.

[00068]  Fig. 22 is an additional view of eye 20 shown in the previous figure. In the
embodiment of Fig. 22, an ocular implant 122 has been advanced through the cannula and into
Schlemm's canal of the eye. Fig. 22 illustrates a core cable 124 disposed within the implant 122,
and push tube (not shown) abutting a proximal portion of the ocular implant within the cannula
108, as described above. The ocular implant can be advanced through the delivery system and
into the eye with the delivery device 100 described herein, such as by rotating tracking wheel
106 to advance the push tube, core cable, and implant through the delivery system and into the
eye, as described above with reference to Figs. 3, 6, and 12-13,

[00069] Once the implant is positioned within Schlemm’s canal (or alternatively within the
suprachoroidal space or other anatomy of the eye), the implant can be advanced beyond a distal
portion of the cannula to allow the implant to detach from the push tube and core cable {as
described above and shown in reference to Figs. 14-19). The core cable can also be configured
to automatically detach from the push tube, and the core cable can then be retracted from the
ocular implant while the push tube is allowed to abut the implant to keep the implant in place.
Once the implant is within the eye of the patient, the delivery system can be removed from the
patient leaving only the implant behind.

[00070] In another embodiment that does not utilize a push tube, as described above and
referenced in Figs. 18-19, the implant can be advanced beyond a distal portion of the cannula to
allow the implant to detach from the a locking key of the core cable. The core cable can then be
removed from the ocular implant. Once the implant is within the eye of the patient, the delivery
system can be removed from the patient leaving only the implant behind.

[00071]  As for additional details pertinent to the present invention, materials and
manufacturing techniques may be employed as within the level of those with skill in the relevant
art. The same may hold true with respect to method-based aspects of the invention in terms of

additional acts commonly or logically employed. Also, it is contemplated that any optional

-12 -



2010271274 28 Apr 2015

[S—
o

H:\szp\Interwoven\NRPortb\DCC\SZP\7728673_1.docx-28/04/2015

feature of the inventive variations described may be set forth and claimed independently, or in
combination with any one or more of the features described herein. Likewise, reference to a
singular item, includes the possibility that there are plural of the same items present. More

specifically, as used herein and in the appended claims, the singular forms "a," "and," "said," and
"the" include plural referents unless the context clearly dictates otherwise. It is further noted that
the claims may be drafted to exclude any optional element. As such, this statement is intended to

serve as antecedent basis for use of such exclusive terminology as "solely," "only" and the like in
connection with the recitation of claim elements, or use of a "negative" limitation. Unless defined
otherwise herein, all technical and scientific terms used hercin have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. The
breadth of the present invention is not to be limited by the subject specification, but rather only by

the plain meaning of the claim terms employed.

[00072] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise”, and variations such as “comprises” and “comprising”,
will be understood to imply the inclusion of a stated integer or step or group of integers or steps but

not the exclusion of any other integer or step or group of integers or steps.

[00073] The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from it) or
known matter forms part of the common general knowledge in the field of endeavour to which this

specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An ocular implant delivery system, comprising:

a housing;

a cannula rotatably coupled to the housing, the cannula sized and configured for insertion
into Schlemm’s canal of a human eye;

an ocular implant disposed in the cannula;

a delivery mechanism disposed on the housing, the delivery mechanism configured to
advance and retract an ocular implant within the cannula; and

an orientation mechanism disposed on the housing, the orientation mechanism configured
to control rotation of the cannula with respect to the housing while maintaining the orientation of

the ocular implant with respect to the cannula during cannula rotation.

2. The ocular implant delivery system of claim 1 further comprising a push tube

slidably disposed within the cannula and coupled to the delivery mechanism.

3. The ocular implant delivery system of claim 2 wherein the ocular implant is

coupled to a distal portion of the push tube.

4. The ocular implant delivery system of claim 1 wherein the relative locations of the
delivery mechanism and the orientation mechanism on the housing allow control over advancement

and retraction of the ocular implant and rotation of the cannula with a single hand.

5. The ocular implant delivery system of claim 1 further comprising a core cable

disposed within the ocular implant.

6. The ocular implant delivery system of claim 1 wherein the ocular implant is
configured to automatically disengage from the ocular implant delivery system when it is advanced

beyvond a distal tip of the cannula.

7. The ocular implant delivery system of claim 6 wherein the ocular implant is pre-

biased to assume an expanded configuration.
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8. The ocular implant delivery system of claim 1 further comprising a core cable

having a locking key, the locking key being configured to engage the ocular implant.

9. The ocular implant delivery system of claim 8 wherein the ocular implant is pre-

biased to assume an expanded configuration.
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